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Design: A	 qualitative	 study	 was	 performed,	 using	 the	 risk	 calculator	 in	 the	 Dutch	
National	 Prevention	 Program	 for	 cardiometabolic	 diseases.	 The	 study	 consisted	 of	
three	parts:	(i)	attention:	completion	of	the	risk	calculator	while	an	eye	tracker	regis-
tered	eye	movements;	 (ii)	 recall:	 completion	of	a	 recall	 task;	and	 (iii)	 interpretation:	
participation	in	a	semi-	structured	interview.










Discussion and conclusion: Although	people	paid	attention	 to	and	 recalled	 the	 risk	
information	to	a	certain	extent,	they	seemed	to	have	difficulty	in	properly	using	this	
information	for	interpreting	their	risk.















risk.	People	are	expected	 to	use	 this	 information	and	obtain	 insight	
into	their	risk,	thereby	enabling	them	to	make	informed	health-	related	
decisions,	which	would	ultimately	improve	population	health.9,10












about	 risk	 factors,	and	 that,	perhaps	partly	as	a	 result	of	 this,	many	
end-	users	with	 relatively	high	 risks	 tend	to	undervalue	or	normalize	
their	risk.17,18	Such	problems	are	particularly	urgent	as	many	people,	
not	only	those	with	 lower	educational	 levels,	have	poor	health	 liter-
acy	and	numeracy	skills,19,20	thereby	placing	them	at	a	higher	risk	of	
misinterpreting	 information	and	making	non-	informed	decisions.15 It 
is	 therefore	 important	 to	 investigate	 how	end-	users	 of	 risk	 calcula-
tors	make	sense	of	their	risk	result	and	to	improve	risk	communication	
accordingly.
To	 date,	 little	 qualitative	 work	 has	 been	 performed	 to	 investi-
gate	how	people	exactly	understand	risk	 information	 in	risk	calcula-
tors.4,8,17	Most	 of	 this	 research	has	 employed	 think-	aloud	protocols	
and/or	 user	 evaluations,	 but	 it	 can	 be	 questioned	 whether	 these	
methods	fully	capture	how	people	understand	risk	information.	User	
evaluations	 typically	 investigate	 the	user-	friendliness	of	 information	
from	the	perspective	of	end-	users	themselves,	which	does	not	give	a	
more	“objective”	assessment	of	how	people	understand	information.14 
Think-	aloud	protocols	provide	 insight	 into	 the	 thought	processes	of	
people	who	 use	 information21,22;	 although	 this	 can	 be	 useful	 in	 as-
sessing	how	people	understand	the	provided	information,	the	method	
does	 not	 necessarily	 capture	 how	 people	 subsequently	 utilize	 this	




understand	 the	 result	 from	 the	 above-	mentioned	online	 cardiomet-
abolic	 risk	calculator	using	eye	tracking,	a	 recall	 task	and	qualitative	
post-	test	 interview	 questions.	We	 assumed	 that	 in	 order	 to	 under-
stand	 their	personal	disease	 risk	 in	a	 risk	calculator,	people	have	 to	
(i)	 pay	 attention	 to	 essential	 information;	 (ii)	 be	 able	 to	 recall	 this	








Dutch	 National	 Prevention	 Program	 for	 CVD,	 type	 2	 diabetes	 and	







general	 practitioner	 for	 further	 screening.	 Figure	1	 shows	 the	 risk	
communication	in	the	risk	calculator.	The	study	was	exempted	from	







1. Attention:	 participants	 completed	 a	 risk	 calculator	 while	 an	 eye	
tracker	 (TOBII)	 registered	 their	 eye	movements;	 the	 interviewer	
did	 not	 intervene	 in	 this	 phase.
2. Recall:	participants	were	provided	with	a	recall	task	after	they	had	
completed	 the	 risk	 calculator,	 assessing	 their	 recall	 of	 different	
parts	of	the	risk	information.
3. Interpretation:	 Semi-structured	 questions	 were	 posed	 during	 a	













2.2 | Recruitment and sample characteristics





websites.	 A	 total	 of	 21	 people	 responded	 and	were	 provided	with	
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further	details.	These	21	people	were	initially	all	willing	to	participate;	
16	of	them	actually	participated.	The	participants’	characteristics	are	




in	 an	 attractive	 laboratory	 setting	 that	 was	 especially	 designed	 to	
facilitate	 laboratory	 research	 in	 a	 realistic	 environment.	 The	 inter-
viewer	 (NB)	 informed	 participants	 about	 the	 online	 risk	 calculator	
and	the	aim	of	the	interview	and	then	instructed	them	about	the	use	
of	the	eye	tracker	and	asked	permission	to	audiotape	the	interviews.	
After	providing	written	 consent,	 the	 interviewer	 started	 the	online	
risk	calculator	on	 the	computer	 screen.	Participants	completed	 the	
risk	calculator	while	an	eye	tracker	registered	their	eye	movements	
and	fixations	 (part	 1);	 in	 this	 phase,	 the	 interviewer	 sat	 a	 few	me-
tres	behind	the	participant	and	did	not	intervene;	she	viewed	the	eye	
movements	 on	 a	 second	 screen.	After	 completing	 the	 risk	 calcula-
tor,	the	interviewer	provided	the	participant	with	a	recall	task	(part	2,	





















Your risk of cardiovascular diseases,  








Therefore, your risk is: 
Elevated
This means that every 27 of 100 women like 
you will develop cardiovascular diseases, 
diabetes or chronic kidney disease within 
seven years from now
Your risk increases with age, especially from 45 y old 
and older. 
You can do a personal lifestyle test to further check 
















































































aBased	 on	 the	 eight	 subjective	 numeracy	 items	 developed	 by	 Fagerlin	
et al.28	 All	 questions	 use	 6-	point	 Likert-	type	 scales	 with	 endpoints	 as	





self?”	 and	 (iii)	 “How	 often	 do	 you	 have	 problems	 learning	 about	 your	
medical	 condition	 because	 of	 difficulty	 understanding	 written	 informa-
tion?”.	Inadequate	health	literacy	if	answers	other	than	“never”	on	items	1	
or	3	and/or	answers	other	than	“extremely”	or	“quite	a	bit”	on	item	2.
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3  | RESULTS
We	will	first	describe	the	attention	paid	by	people	to	the	informa-
tion,	 followed	 by	 their	 recall	 of	 that	 information.	Next,	 people’s	
risk	 interpretations	 are	 described	 by	 means	 of	 five	 qualitative	
themes.
3.1 | Attention for information
We	used	 the	eye-	tracking	data	of	11	participants;	of	 the	 remaining	













graph,	which	 is	 an	 important	 result	 because	 the	 bar	 graph	was	 ex-
plicitly	meant	as	a	graphical	aid	 to	provide	 intuitive	meaning	 to	 the	
information.	 Participants	 did	 look	 at	 the	 comparative	 risk	 informa-
tion,	which	was	 another	 attempt	 to	 provide	 such	 intuitive	meaning	








bal labels were remembered less well. Only one person adequately 
recalled	the	statement	at	the	bar	graph	(“visit	your	GP”).
3.3 | Risk interpretation





Participant Percentage Natural frequency Verbal categorical level
Statement at the bar graph 
(visit your GP)










5	(A007) + + + −	Filled	in	nothing
6	(A008) −	Filled	in	nothing + + −	Filled	in	her	weight	instead	
of	the	statement
7	(A009) + −	Filled	in	5	out	of	7 −	Filled	in	the	percentage	again −	Filled	in	nothing
8	(A010) + + −	Filled	in	“small	risk”	instead	of	
“slightly	elevated	risk”
−	Filled	in	nothing






11	(A013) + −	Filled	in	nothing −	Filled	in	“small	risk”	instead	of	
“slightly	elevated	risk”
−	Filled	in	nothing
12	(A015) + + + −	Filled	in	nothing
13	(A017) + −	Filled	in	nothing −	Filled	in	nothing −	Filled	in	nothing
14	(A018) + + −	Filled	in	nothing −	Filled	in	nothing
15	(A019) + −	Filled	in	nothing −	Filled	in	“light	risk”	instead	of	
“slightly	elevated	risk”
−	Filled	in	nothing
16	(A020) + + + +
+,	correctly	recalled;	−,	incorrectly	recalled	or	not	recalled.
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TABLE  3 Qualitative	themes	relating	to	people’s	risk	interpretations,	illustrated	by	key	quotes	from	participants
Qualitative theme Participant’s quote Participant’s characteristics
Theme	1:	numerical	information	does	not	really	sink	in
Subtheme	1a:	struggling	to	
comprehend and recall 
numerical	information
<Response to the recall task>: “Yes I believe that was 23% or was that BMI, I 
think, oh I can’t remember, I saw something like 23%, I think it was to do with 
BMI but not with heart and… (…) I’m not thinking straight here, ‘of every’… I don’t 
get it. That has to be 23% here, or not, well, I don’t remember… (…) Yes, 23%, 





<Response to the recall task>: “That was 5%, right? (short silence) Of every….
hmm.. Of every so many so many women who have the same test result as you. 
5 out of seven 7 or something? 7 years. It was something like 5 out of 7. I think, 









I: “What does it mean to you, a 12% risk, given what you already knew? R: 
Nothing really, since I live healthily and eh I’m never ill so nothing really, I do 
browse lots of health websites and stuff like that but I’m never ill, so it really 





“It also says here that the older you get the more risk you run so if it begins with 
45, I’m 52, well then it probably increases with 1% per year, so that means that 
if I’m 100, I’ll still have 48 eh, and then I’m still on the side of the eh [the bottom 







real impact on people
“Then it says here, this means your risk is? And oh, small, oh, that’s what they 









“The only thing is, eh, lifestyle, eh, whether you exercise or not, whether you have 
a sedentary job or not, use drugs, smoke, and eh, your eating habits, those are the 
most important, I think it would be better to explore those in more detail than to 





“Other than that I do eat healthy food and stuff, so that makes you think that 








“Yes, this information isn’t relevant to me, because I already knew that I’m not 
at risk, and eh, that there’s nothing wrong with me, since you’d have to have 









“Yes, cos it’s about these diseases and that happen to be diseases that I’m not 
at all afraid of but if it would be about cancer or something like that, yes, then if 
this would be the result or 20, then I’d go to the doctor tomorrow, it’s just what 
eh, what frightens you. (…). This is less clear, if it mentioned that you, what those 
diseases, yes, what they can do to you and your body, then you might be more 






“Heart I get, but cardiovascular diseases, that makes me think, what kind of dis-
eases are they exactly and kidneys, I don’t know, kidneys, yes, your kidneys are 
very important, but I know, dialysis, people who need dialysis, I know that salt is 






“Not everyone knows exactly what chronic kidney disease is, chronic kidney dis-
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3.3.1 | Theme 1: numerical information does not 
really sink in
We	 found	 that	many	 participants	 struggled	 to	 adequately	 compre-
hend	 and	 recall	 the	 numbers	 provided,	 including	 the	 probability	 in-
formation	 (subtheme	 1a).	 Furthermore,	 even	 if	 people	 did	 focus	 to	















“But I do think that if you occasionally, that you have a greater risk of getting 










“[The risk] is not very high, but I think that since I’m not overweight, that that 
helps too. I think that if I were obese, that I’d have more chance of, that you’d 














“My risk is not that high. I don’t smoke and neither of my parents have CVD; 












“Well, I think, I do take the result seriously, because it’s not just made up, but I’d 








I: “And the percentage, was that new information for you? R: Yes, yes, I’ve never 
before…I’m also a bit curious… how do other people score? What does their 





“Yes, well, my husband will have a greater risk since he smokes a packet of ciga-
rettes a day, you know, he’ll have a greater risk of getting cardiovascular diseases 
and those kinds of things since he smokes so very much, I think his risk is greater 
than mine. (…) Yes, people who are overweight, whose lifestyle is inadequate, 
whose eating habits are unhealthy and who don’t exercise enough, have a sed-
entary job, those people will have a greater risk of cardiovascular diseases, of 





I: “Yes, ‘cos who would you think those 6 out of 100 people would be? R: Well, 
eh, yes, I think they’re the people who are just very, eh very busy, people who are 
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and	 beliefs	 about	 a	 number	 of	 topics	 (Theme	 3).	 Eye-	tracking	 data	
and	 recall	 data	 showed	 that	 participants	did	 look	 at	 and	 remember	
numerical	 information,	which	 suggests	 that	participants	did	process	
this	information	to	some	extent.
Subtheme 1a: struggling to comprehend and recall numerical 
information




participants	 tried	 to	unite	 the	percentage	and	 the	 frequency	of	 the	






It	 also	became	clear	 that	participants	perceived	 relatively	high	 risks	
(eg	ranging	from	12%	to	23%)	as	rather	 low,	and	saw	no	reason	for	
worry.	This	seemed	to	occur	partly	because	of	difficulties	in	interpret-
ing	 numerical	 information	 (subtheme	 1a),	 but	 also	 because	 people	
used	their	own	risk	factors	in	risk	interpretations	more	than	the	size	
of	the	risk	(subtheme	3a).
People	 also	 spontaneously	 talked	 about	 reasons	why	 they	 felt	











3.3.2 | Theme 2: the verbal categorical label made no 
real impact on people
Like	 the	 numerical	 risk	 information,	 the	 verbal	 categorical	 risk	
label	(either	“elevated,”	“slightly	elevated”	or	“not	elevated”)	made	
no	 real	 impact	 on	 participants.	 From	 an	 expert/epidemiological	
perspective,	these	 labels	are	 important	 information	because	they	
form	the	basis	for	deciding	who	needs	further	screening	and	who	
does	not.	However,	 our	participants	 did	not	 seem	 to	 regard	 this	
label	 as	 an	 essential	 element	 of	 their	 test	 result	 and	 recall	 data	
showed	 that	 many	 did	 not	 recall	 the	 label.	 Several	 participants	
with	a	“slightly	elevated	risk”	who	did	not	recall	their	verbal	label	
correctly	 thought	 their	 label	 was	 “minor”	 or	 “small”.	 This	 might	
be	related	to	the	fact	that	people	tended	to	undervalue	their	risk	
(subtheme	1b).
3.3.3 | Theme 3: people relied heavily on existing 
knowledge and beliefs
We	found	 that	participants	primarily	 relied	on	 their	existing	knowl-
edge	and	beliefs	to	interpret	their	risk,	rather	than	on	the	actual	risk	
information	provided	 (see	 themes	1	and	2).	Many	participants	used	
their	 knowledge	about	 risk	 factors	 to	make	 sense	of	 their	own	 risk	
(subtheme	3a).	Many	participants	also	used	their	perceived	physical	





Subtheme 3a: reliance on knowledge and beliefs about risk 
factors
All	 participants	more	 or	 less	 knew	which	 risk	 factors	 from	 the	 risk	
calculator would apply to them personally and would thus contrib-
ute	to	their	risk.	Many	participants,	both	with	relatively	low	and	with	
relatively	high	 risks,	 relied	heavily	on	 such	own	knowledge	and	be-
liefs	about	risk	factors,	rather	than	on	the	numerical	risk	information	
provided.
Subtheme 3b: reliance on knowledge and beliefs about 
complaints (or lack thereof)














3.3.4 | Theme 4: people zoomed in on risk factors, 
especially family history of diseases
Apart	 from	 using	 existing	 knowledge	 and	 beliefs	 about	 risk	 factors	
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Subtheme 4a: focus on a diverse range of risk factors, including 





underlying	 factors	 of	 overweight/obesity)	 as	well	 as	 to	 alcohol	 use	
and	stress	(not	part	of	the	risk	calculator).	Participants’	perceived	sus-
ceptibility	also	largely	depended	on	the	presence	or	absence	of	such	
risk	 factors,	 including	those	not	 included	 in	 the	test	 (eg	blood	pres-
sure,	stress).












and those not included.
3.3.5 | Theme 5: people often compared their 
situation to that of their peers
Participants	 spontaneously	 compared	 their	 risk	 to	 that	 of	 peers,	 to	
make	 sense	 of	 their	 own	 risk	 result.	 They	 had	 stereotypical	 beliefs	
about	“which	people	have	an	elevated	risk”	and	they	compared	their	
own	risk	to	these	stereotypes	to	judge	the	severity	of	their	own	risk.	
This	 tendency	 seemed	 to	 be	 related	 to	 a	 risk	 undervaluation	 (sub-
theme	1b),	although	not	all	participants	who	compared	 their	 risk	 to	





This	 study	aimed	 to	examine	how	 lay	people	understand	and	make	
sense	of	the	result	from	a	disease	risk	calculator.	We	combined	eye	
tracking	with	 a	 recall	 task	 and	qualitative	post-	test	 interview	ques-
tions	 in	 a	 qualitative	 study	 using	 a	 Dutch	 cardiometabolic	 risk	 cal-









edge	 and	 beliefs	 and	 that,	 as	 a	 result,	 their	 perceptions	 and	 inter-
pretations	 seemed	hardly	 affected	by	 the	 information	provided	was	
significant.	Although	 research	 about	 this	 topic	 is	 scarce	 (see	 review	
of	 Sheridan2),	 previous	 studies	 have	 shown	 that	 giving	 people	 in-



















intuitive	meaning	 to	 the	 numbers.	 In	 addition,	 the	 comparative	 risk	
information	was	often	neglected,	while	it	obviously	has	the	potential	
to	provide	meaning	to	people’s	personalized	risk.35	Graphical	risk	for-
mats	 do	 have	 the	 potential	 to	 attract	 end-	users’	 attention35 and to 
support	 their	 understanding.14,36	We	 can	 only	 speculate	 about	 the	
reasons	why	our	participants	discounted	this	information.	It	might	be	
that	people	themselves	did	not	experience	any	problems	in	compre-
hending	 the	percentage,	and	 therefore	 found	 it	unnecessary	 to	also	
view	the	bar	graph	that	again	emphasized	the	percentage.	The	neglect	
of	the	verbal	categorical	 label	could	indicate	that	the	label	 itself	had	
insufficient	meaning	or	 that	 the	display	of	 the	 label	was	 suboptimal	
(use	of	colour,	 font,	 shading,	etc.).	Another	explanation	may	be	 that	
the	other	cues	on	the	page	distracted	from	the	verbal	message.	More	
in	general,	the	total	amount	of	information	on	the	page	may	have	been	





Participants’	 reliance	 on	 existing	 knowledge	 and	 beliefs	might	
also	 reflect	 a	 more	 inherent	 tendency	 in	 people	 that	 is	 not	 par-
ticularly	 related	 to	how	 information	 is	 communicated.	 It	 is	 known	
that	 existing	 knowledge	 and	beliefs	 in	 general	 are	very	 influential	
in	 shaping	people’s	perceptions	of	and	 reactions	 to	health	and	 ill-
ness.37	 Particularly	 when	 new	 information	 does	 not	 fit	 existing	
knowledge	and	beliefs,	as	was	the	case	for	many	of	our	participants,	




perceptions	 and	 subsequent	 decisions	 of	 people	 are	 more	 influ-
enced	by	their	perceptions	of	individual	risk	factors,	the	experience	






One	particularly	 salient	 aspect	 of	 people’s	 existing	beliefs	 that	
















on	 family	 history	 of	 diseases	 in	 risk	 communication	may	 have	 re-
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